Energy Harvesting Implementing Embedded Piezoelectric Generators – The Potential for the Attiki Odos Traffic Grid  by Kokkinopoulos, A. et al.
 Energy Procedia  50 ( 2014 )  1070 – 1085 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD) 
doi: 10.1016/j.egypro.2014.06.126 
The International Conference on Technologies and Materials for Renewable Energy, 
Environment and Sustainability, TMREES14 
Energy harvesting implementing embedded piezoelectric 
generators – The potential for the Attiki Odos traffic grid 
Kokkinopoulos A. a*, Vokas G. b*, Papageorgas P.c 
a Mechanical Engineer, Aetideon 26, Athens, GR 15561, Greece 
b Assist. Prof. TEI Piraeus, Electronics Dep., P.Ralli & Thivon 250, GR 12244, Greece, gvokas@teipir.gr 
c Professor TEI Piraeus, Electronics Dep., P.Ralli & Thivon 250, GR 12244, Greece 
Abstract 
The purpose of this research is to analyze and present the benefits of the exploitation of a piezoelectric generator 
(PEG) energy harvesting system as well as to study and identify its usage in ‘Attiki Odos’ Highway traffic grid for 
energy generation and storage purposes. The research is focused initially on the study of the available technology and 
evaluation of the produced energy, if this technology is used at specific sites on Greek roads. For this purpose, based 
on experiments and taking into account the scientific experience of foreign countries where this technology has been 
tested, final propositions will be made on how and where to exploit this new technology. For the purposes of the 
study, strategically selected urban areas are used, where steadily heavy traffic load is present. Taking into account 
statistical data concerning the mobility of vehicles (vehicle per hour rates) in various urban areas in ‘Attiki Odos’ 
Highway, and the scientific experience of foreign countries in similar PEG applications, calculations in order to 
estimate the electric energy that could be produced if piezoelectric generators were embedded in the asphalt are 
performed using the simulation tool of IPEGTM. Major factors in this process are: 
The length of the road used for the implementation of this technology 
The number of vehicles per hour passing from the specific under study area  
The kWh of electric energy that can be produced by implementing the piezoelectric generators energy harvesting 
systems of the specific under study area  
Calculations and an assessment of the potential electric energy generated in these urban areas will also be presented 
in this research providing very useful results for an early implementation of this technology. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development 
(EUMISD). 
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1. Introduction 
In the field of mechanical energy harvesting, the most common modes of transduction are electrostatic, 
electromagnetic and piezoelectric. Useful electrical power by any kind of electromechanical transduction 
can be transformed by wasted mechanical energy sources, like vibrations or movements.  [1]. Moreover, 
in recent years, important research efforts has been stimulated by miniature electrical generators and their 
possibility of recycling ambient energies instead of using batteries with limited lifespan. Mainly 
envisioned into low power autonomous systems, the integration of such miniature generators is for 
various industrial or domestic applications [2]. 
Small electronic devices of a very low power requirement can be powered by piezoelectric materials 
that are offered as natural candidates for making devices that scavenge ambient power by converting 
mechanical energy into electric energy. Piezoelectric generators for these applications are also known as 
piezoelectric power harvesters or piezoelectric power generators (PEG) [3]. 
Little research has been done about the energy harvesting technology of a piezoelectric generator 
(PEG) and its implementation in large scale applications. The piezoelectric generator is a promising 
technology in the field of parasitic energy from weight, motion, vibration and temperature changes and 
will certainly have other parasitic energy harvesting applications in many fields. However, the concept of 
embedded piezoelectric generator as energy harvester has been tested experimentally in the very recent 
past. As a result, researches concerning the potential of PEG systems implementation in road are limited. 
The fact that IPEG™ is a patent pending technology at its last stages of R&D, limits the literature 
references even more. Similar energy harvesting technologies, methodologies and assumptions have been 
adopted in order to estimate the potential of energy harvesting technology, out of motion, weight and 
vibration. In addition, in Greece previously, there has not been done any research regarding energy 
harvesting from Attiki Odos traffic grid or any road in general.   
In piezoelectric energy harvesting systems, the energy harvesting circuit is the interface between a 
piezoelectric device and an electrical load. The PEG generates energy from weight, motion, vibration and 
temperature changes [4]. 
In early 2008, the East Japan Railway Company (JR East) focused in making train stations more 
energy-efficient. For that reason, it was decided to install piezoelectric pads in the flooring at the ticket 
gates, at a station in Tokyo, as an ongoing experiment. The 2008 experiment followed one conducted in 
2006, and was meant to test improvements made in power generation performance and capacity, as well 
as advancements in material durability. Facilities such as lighting or automatic ticket gates in the station 
were powered by the electricity generated from the floor [5]. 
Another innovative piezoelectric generator was developed in 2008 by Dr. Kaajakari. Designed to 
produce enough power to operate GPS receivers, location tags and eventually, even a cell phone, the 
piezoelectric generator prototype was small enough to be embedded in the sole of a shoe. The prototype 
shoe generator used a low-cost polymer transducer with metalized surfaces for electrical contact. While, 
ceramic transducers are hard and therefore unsuitable to use in shoes, Kaajakari's generator is soft as well 
as strong so it could replace a normal heel shock absorber without loss to the user experience. According 
to Kaajakari, the new voltage regulation circuits can convert the piezoelectric charge into a usable voltage 
and combined with the polymer transducer give a time-averaged power of two milliwatts per shoe on an 
average walk - that’s comparable to lithium coin/button cells and enough to power running sensors, RF 
transponders and GPS receivers [6]. 
Located in London, the Club4Climate project is the first London’s taste of eco-friendly clubbing. 60% 
of the energy needed to run the club is produced my clubber’s movement. This happen with a 
piezoelectric dance floor, which uses quartz crystals and ceramics to turn clubbers’ movement into 
electricity. 
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MIT laboratory research team, has performed examines in three different devices that can be built into 
a shoe, (where excess energy is readily harvested) and used for generating electrical power "parasitically" 
while walking. Two of these are piezoelectric in nature: a unimorph strip made from piezoceramic 
composite material and a stave made from a multilayer laminate of PVDF foil. The third is a shoe-
mounted rotary magnetic generator. They have estimated that a circa 10 mW in-shoe generating system 
(within reach of the piezoelectric technologies that we have explored) that lasts for circa 2 years of 
average use is equivalent to 150 cm3 of lithiumthionyl chloride batteries, which provide the highest 
energy density of all lithium-based cells. This mW output of power is enough for actuation of the mobile 
electric devices. [7]. 
A commercially available product is offered by EnOcean, a german based company. This company has 
the slogan “no batteries and no wires”. The products they create use piezoelectric transducers to power 
RF transmitters. A notable product of the company is a light switch that requires no wiring at all. A 
piezoelectric transducer is behind the actual switch. When the light switch is flipped, this motion is used 
by the transducer to power the RF transmitter, which signals the receiver on the actual light to turn on. 
This would be an interesting technology to demonstrate in the house because it enables you to have light 
switches on places you never could before such as on a window or outside in the middle of the yard [8]. 
MicroStrain Inc. is a company that is focusing in using piezoelectric sources to power networks of 
wireless sensors. The company setup an experiment where piezoelectric transducers were attached to the 
support beams in a structure. As the structure was constantly under strain, the voltage created by the 
piezoelectrics was stored up in a capacitor. The power was transferred to a transmitter which sent a 
wireless signal to some receiver, once the capacitor voltage reached a certain level. Given the size of the 
piezoelectric was 17 cm2, it was reported that the cycle time was about 20 to 80 seconds to store up a 
charge of 9.5 V on the capacitor. This report was done on January 5, 2004 and at that time research was 
still being conducted [9]. 
The results of these researches are expected to be beneficial to other researchers and enhance the 
research on this research problem. The aforementioned related researches in other countries define the 
background of this research and justify its existence and necessity. The findings of this research provide 
us with valuable information concerning the implementation embedded piezoelectric generators systems 
in Attiki Odos traffic grid, while the methodology can be used for other traffic grids as well. 
The structure of this paper is as follows. In Section 2 the piezoelectric phenomenon is described and it 
is explained how piezoelectric generator works. Section 3 shows where PEG technology can be applied, 
in specific areas of Attiki Odos traffic grid. Data are presented and described in Appendix A, B and C. 
The specific areas are presented and their selection is justified. In Section 4, the three scenarios are 
presented along with the results. In Section 5, the parameters used in the research are presented and each 
scenario is examined with a Feed in Tariff. In section 6 the results are discussed. In Section 7 the 
conclusions of the research are presented.  
2. Embedded Piezoelectic Generator 
2.1. Fundamentals of Piezoelectric Materials  
Through sensing, actuation and control, Piezoelectric materials are capable of altering the structure’s 
response. Either by embedding it or by mounting it onto the surface of the host structure, piezoelectric 
elements can be incorporated into a laminated composite structure [10-12]. 
Fig. 1 shows how converters alternator type or commonly known dynamo, can achieve the conversion 
of mechanical energy into electrical. There are other physical phenomena including piezoelectricity that 
can also convert mechanical movements into electricity. 




Fig. 1. Electromechanical conversion via piezoelectricity phenomenon 
 
As known, the piezoelectric effect exists in two domains, the first is the direct piezoelectric effect that 
describes the material’s ability to transform mechanical strain into electrical charge, the second form is 
the converse effect, which is the ability to convert an applied electrical potential into mechanical strain 
energy. Responsible for the materials ability to function as a sensor is the direct piezoelectric effect and 
accountable for its ability to function as an actuator is the converse piezoelectric effect. When a material 
has the ability to transform electrical energy into mechanical strain energy, and the likewise transform 
mechanical strain energy into electrical charge it is deemed piezoelectric. Advantageous characteristics 
are presented in artificial piezoelectric materials such as PZT (Lead Zirconate Titanate) in comparison to 
the piezoelectric materials that exist naturally as quartz and do not have interesting properties for the 
production of electricity. [13]. 
2.2. Working principle of  Embedded Piezoelectric Generator 
The active damping is obtained by using an actuator and a sensor piezoceramic layer acting in “closed-
loop”. The beam vibrations are actively damped by transferring the accumulated voltage on the sensor 
layer to the piezoelectric actuator layer. Fig. 2 displays schematically the described “closed-loop” [14, 15, 
16]. 
The voltage transferred from the sensor to the actuator has to be amplified through a feedback gain G, 
according to the following relationships: 
VActuator  *9Sensor                               t
tQRV
w












Sensing Feedback gain Actuation 
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Two piezoelectric “closed-loop” combinations are available; The first structure use extension 
piezoelectric type as both sensor and actuator (EE) while the second structure use only shear piezoelectric 
type, SS structure. Fig. 3 displays the two tested structures [14, 15, 16]. 
 
Fig. 3. Piezoelectric “closed-loop” configuration. 
2.3 Research Parameters 
For the purposes of this study and in order to calculate the energy potential from the usage of PEG 
systems at chosen areas, specific parameters and assumptions are adopted as shown in Table 1, using 
information derived from Innowattech LtD.  
Table 1: Parameters of the installation and electrical energy generation process 
Parameters of the Installation and the Electrical Energy Generation Process 
Traffic Volume  3,000 mixed vehicles equal statistically to 600 trucks/buses. 
Vehicle Speed & IPEG Output  Based on an empirical curve – cannot be revealed at the moment 
Calculations of IPEG output based on vehicle’s speed   72 km/h 
IPEG Deformation vs Asphalt Deformation <10% of that of the asphalt deformation 
Optimal depth of IPEG installation 3-5 cm under the upper asphalt layer 
Installation Technique of IPEG Contiguously in two rows according to the wheel imprints 
IPEG installation cost 
a) Several kilometers in length (>6) 
b) Few kilometers in length (<6)  
 
$6,000 per kW + $500 per kW for road works 
$8,500 per kW (Road works included) 
IPEG elasticity and road quality alternation IPEG has same elasticity to asphalt – Road quality is not affected by 
IPEG 
Weather conditions and IPEG performance IPEG work normally under any weather conditions  
 
3. Potential of Attiki Odos traffic grid 
Attiki Odos (Attiki Road) is a highway road that is newly constructed and crosses Athens from North-
East to South-West side. The reason of its construction was to absorb the Athens daily high traffic load. 
In the process of traffic data collection, it appears that compared to other traffic grids such as Olympia 
Odos or Egnatia Odos, Attiki Odos presents a far more heavy traffic profile. According to additional 
traffic data, collected and studied, in Attiki Odos for the period of November 2008 till October 2009, 
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(Appendix B) it appears that the traffic profile of specific areas (toll stations and closed Routes) have a 
traffic potential, where embedded piezoelectric generators could be used for energy harvesting and 
electricity generation. Embedded piezoelectric generators can harvest the wasted mechanical that vehicles 
impart, when they move on roadways, transform it into electrical energy, than can be used either for the 
electrification of nearby buildings, household’s needs, stoplights, speed sensors, road side billboards or 
connected directly into the grid. Alternatively, the electricity can be stored in an electrical storage system 
for later use. 
It appears that four toll stations (Appendix A) present high traffic volume which we chose in order to 
estimate kWh per hour. These toll stations are:  
x Roupaki  
x Katechaki  
x Metamorfosi (East Section)  
x Koropi  
For the purposes of this research, the traffic data of Attiki Odos grid in order to estimate harvesting 
potential in kWh per hour are used. The initial idea was to calculate the output potential by the installation 
of the energy harvesting system a number of meters before and after the toll stations that present the 
highest traffic volume, since friction caused by regular breaking, increases the deformation of the asphalt 
and as a result embedded piezoelectric generators transform additional mechanical energy, as 
deformation, to electrical energy.  
Another parameter for this initial idea was the assumption -later proved to be wrong- that embedded 
piezoelectric generator can drain fuel from your car by the deformation of the asphalt. Instead, as this 
research continued, it was proved that it does not affect the car performance or fuel consumption for the 
reasons mentioned previously [4]. 
 
 
Fig. 4. View of Katechaki Toll Station (Source: Google Maps) 
Due to the fact that 100 - 150 meters before and after the toll stations, the Attiki Odos lanes are 
quadrupled, specifically from three lanes per direction they become twelve lanes per direction (see Fig. 
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4), the optimum area for the installation of the embedded piezoelectric generators is depicted in the 
yellow square, where the vehicles per hour pass through the narrowest possible area. Obviously, the 
reason for this decision is the lower cost of installation. 
Moreover, during the research, it was found that specific areas of Attiki Odos’ traffic grid, excluding 
toll stations, present both a high traffic potential and high speeds that also increase the output of the 
energy harvesting system. As a result, it became clear that these areas can be a priority target in the 
implementation of embedded piezoelectric generators. 
Furthermore, these areas have the advantage that they are closed routes, as the one shown in Fig. 5. 
This means that there aren’t any toll stations or side exits which could impede the traffic volume and this 
in its turn guarantees that the total traffic volume that enters Attiki Odos will drive over asphalt where 
embedded piezoelectric generators have been installed. 
As a result, losses in traffic volume, of possible exits and toll stations can be avoided. This is an 
important parameter that one must take into account before deciding, where to install the energy 
harvesting system for optimum performance. A busy road is not necessarily always a good choice, if 
other parameters are not considered as well. 
 
 
Fig. 5. Photomap of Kimis-Kifissias closed route, 2.1 km length and 3 Lanes per direction (Source: Google Maps) 
4. Scenarios for Attiki Odos traffic grid 
For the purposes of the study, three scenarios for energy harvesting using embedded piezoelectric 
generators are examined, taking into account the aforementioned assumptions. Those scenarios are 
presented here: 
 
x Scenario 1: Four Toll Stations (Katechaki, Koropi, Roupaki, Metamorfosi) 
Table 2. Meters of installed embedded piezoelectric generators per Toll Station and annual electricity production  
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Toll Stations Length (m) Annual energy production 
(kWh ) 
Katechaki 250 per lane (3 Lanes) 676.684,12 
Koropi 250 per lane (3 Lanes) 750.018,97 
Roupaki 250 per lane (3 Lanes) 403.599,85 
Metamorfosi 250 per lane (3 Lanes) 820.149,32 
Total 3.000 meters 2.650.452,26 
 
 
Fig. 6 Annual kWh Production for Toll Stations (Katechaki, Koropi, Roupaki, Metamorfosi) (Source: The author) 
x Scenario 2: Kimis-Kifissias and Athinon-Lamias-Iraklio closed route. 
Table 3. Meters of installed embedded piezoelectric generators per closed route and annual electricity production 
Areas Length (m) Annual energy production 
(kWh ) 
Kimis-Kifissias 500 per lane (6 Lanes) 11.492.640,47 
Athinon-Lamias-Iraklio 500 per lane (6 Lanes) 11.362.577,45 
Total 6.000 meters 22.855.217,92 
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Fig. 7. Annual kWh Production for Kimis-Kifissias and Athinon-Lamias-Iraklio closed route. (Source: The author) 
x Scenario 3: Metamorfosi, Koropi toll stations and Kimis-Kifissias closed route. 
Table 4. Meters of installed embedded piezoelectric generators per Toll Station and closed route and annual electricity production 
Areas Length (m) Annual energy production 
(kWh ) 
Metamorfosi 250 per lane (3 Lanes) 820.149,32 
Koropi 250 per lane (3 Lanes) 750.018,97 
Kimis-Kifissias 500 per lane (6 Lanes) 11.492.640,47 
Total 4.500 meters 13.062.808,76 
 
 
Fig. 8 Annual kWh Production for Toll Stations (Metamorfosi, Koropi) and Kimis-Kifissias (Source: The author) 
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In Fig. 9, statistical data presenting the annual electricity consumption per Attiki Odos Area are 
presented. These areas are presented analytically in Appendix C. 
 
 
Fig. 9. Annual kWh electricity consumption per Attiki Odos Area (See Appendix C for Areas) (Source: The author) 
5. Feed in Tariff (FiT) Scenarios 
For the calculations of the harvesting potential in kWh per hour of embedded piezoelectric generators 
harvesting system, the IPEG™ Vehicular Energy Calculator was used. Furthermore, IPEG™ Vehicular 
Energy Simulator, depending on the input, can calculate: 
x The amount of energy produced 
x The length of highway needed to produce a required amount of energy 
Since this technology is not widely implemented, a proposal for a national subsidy scheme is 
attempted, in terms of FiT as happens also in the Renewable Energy Sources (wind, solar, etc).  
The first scenario could be to sell the produced energy back to the grid at the same price it is bought. 
At the period of this study, the electricity price sold to Attiki Odos is 0,11 €/kWh [17].  
It can be easily derived that, if a slightly more attractive FiT scenario close to 0,1265 €/kWh is 
assumed, we reach the equilibrium between electricity consumption costs and electricity production by 
such a PEG system. This is a rational price to be accepted by the system grid Operator of Greece. 
In case that a FiT scenario of 0,15€/Wp is assumed, then a positive financial balance between 
electricity consumption costs and electricity production by such a PEG system appears, able to cover any 
maintenance issues may occur. In Table 5 the calculated data for the above FiT scenarios are presented. 
Table 5. Consumption costs versus Production income for 3 FiT scenarios 
Consumption in Attiki 










Profit for Attiki Odos =  
Production – Consumption 
(€/y) 
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6. Environmental aspects 
It is essential to attempt a comparison concerning some major environmental and operational factors 
between the different energy production technologies and the PEG energy harvesting systems. Apart from 
the matureness of the technology, all the other factors are clearly positive for PEG energy harvesting 
systems. In Table 6 this comparison takes place, taking also into account other factors as clean 
technology, deployment availability, the low maintenance cost, the impact of cold climates and the ability 
to preserve the environment in the original state. It appears that PEG energy harvesting systems present a 
number of advantages, compared to other RES and fossil fuels [4]. 
Table 6: Comparison of basic environmental and operational factors of different energy production technologies 






Mature Technology 3 3 3 3 3 3 2 
Clean 3 3 3 3 2 2 3 
Deployment Availability 3 3 2 2 3 3 3 
Low maintenance cost 2 3 2 2 2 2 3 
Impact of northern extreme 
climates 
3 3 2 2 2 2 2 
Preserves environment in 
original state 
2 2 2 2 2 2 3 
 
Among the most notable advantages is the fact that where installed, they preserve environment in its 
original state. 
7. Conclusions 
Direct piezoelectricity is based on the piezoelectric phenomenon. As a technology, it has been used 
mainly during the past century in various ways, but it is until the recent past, where several research 
institutes and companies throughout the world have been focusing on finding useful applications for 
piezoelectric energy sources.  
Active materials employed by piezoelectric generators generate a charge when mechanically activated. 
Based on these, Innowattech developed IPEG™, an invention that harvest energy. It provides 
environmental benefits, where parasitic mechanical energy on roads, highways, railways and airport 
runaways is harvested and transferred back, in a process by which the energy is captured, stored and 
reused. In this study the electric energy that could be produced if piezoelectric generators were embedded 
in the asphalt is evaluated for the first time using data from Greek traffic grids. More specifically, the 
traffic grid of Attiki Odos was thoroughly examined. It is characterized by high traffic volume in closed 
routes and a number of toll stations.  
Analyzing annual statistical data concerning the mobility of vehicles (vehicle per hour rates) as well as 
other data derived by Attiki Odos, it was made clear that a remarkable electricity generation yield can be 
achieved by implementing embedded piezoelectric generators in specific areas of the traffic grid, 
including toll stations and closed routes. Three combinations that carry the highest traffic led to three 
electricity generating scenarios, which were finally selected and presented. Then, in order to use 
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Vehicular Calculator –a tool developed by Innowattech LtD- a number of parameters and assumptions 
have been considered. The outcomes of the calculations were the annual electrical productions (kWh/y) of 
every examined scenario. Also, specific areas that consume high electric energy were found, using 
analytical annual consumption data. 
If a wide implementation of such a technology is decided, subsidy measures from the Government 
should be taken. For this purpose three Feed-inTariff scenarios were presented. It was found that with a 
FiT slightly higher than the today’s electricity cost the investment covers equal amounts of consumption, 
while if a rational FiT of 0,15 €/kWh is adopted, then the annual income from the energy production, in 
case of Scenarios 1+2 of Attiki Odos case study are chosen, is highly positive leading to quicker payback 
of the investment.  
From this study it is clear that a possible implementation of such a Piezoelectric system is really 
advantageous as it provides enough electric energy to cover local needs of Highways and most important 
the produced energy is consumed at the same place avoiding energy transfer. Finally, the huge positive 
environmental impact of such an investment must be also taken into account as it combines many 
environmental advantages of other energy production technologies. Among the most notable advantages 
is the fact that where installed, they preserve environment in its original state. 
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Appendix A. Mean daily traffic volume for Toll Stations in Attiki Odos for January 2009 
 
  
JANUARY 2009 LAST YEAR 
JANUARY 2009 vs 
LAST YEAR 
(AVERAGE) Workday Weekday Holiday AVERAGE AVERAGE 




KOROPI 38.772 31.559 36.212 40.591 -10,80% 
PAIANIA 6.841 3.653 5.930 6.540 -9.3% 
KANTZA 4.582 3.046 4.143 3.591 15,4% 
MARATHONAS 5.770 3.737 5.189 4.970 4,4% 
ANTHOUSA 2.706 1.662 2.408 2.522 -4.5% 
D. PLAKENTIAS 8.128 5.319 7.326 6.696 9,4% 
PENTELIS 9.116 6.471 8.360 7.535 10,9% 
KIFISIAS 15.541 8.977 13.389 12.526 6,9% 
KYMIS 9.407 6.698 8.633 7.855 9,9% 
IRAKLEIO 2.692 1.807 2.439 2.366 3,1% 
METAMORFOSI 
DITIKA 9.900 5.621 8.677 8.737 -0,7% 
DEMOKRATIAS 1.709 1.170 1.555 1.649 -5,7% 
FILIS 1.887 1.571 1.796 1.929 -6,9% 
EGALEO 216 145 196 207 -5,3% 
ASPROPIRGOS 244 72 195 210 -7,1% 
Total 117.956 82.892 107.937 107.869 0,1% 
To Airport (A) 
ROUPAKI 19.077 19.028 19.063 21.512 -11,4% 
APROPIRGOS 4.455 1.269 3.552 3.281 8,3% 
EGALEO 8.592 2.709 6.911 6.312 9,5% 
FILIS 10.390 7.693 9.620 9.177 4,8% 
DEMOKRATIAS 9.172 5.218 8.042 7.654 5,1% 
METAMORFOSI 
ANATOLIKA 48.975 36.559 45.428 43.749 3,8% 
IRAKLIO 5.671 3.290 4.991 4.692 6,4% 
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KIMIS 10.356 7.007 9.399 9.112 3,1% 
KIFISSIAS 14.886 8.746 13.132 12.611 4,1% 
PENTELIS 5.894 3.861 5.313 4.854 9,5% 
D. PLAKENTIAS 2.374 1.660 2.170 2.341 -7,3% 
MARATHONOS 2.561 1.856 2.360 2.545 -7,3% 
KANTZA 716 456 642 593 8,3% 
PAIANIA 475 337 435 507 -14,2% 
Total 143.594 99.716 131.058 128.940 1,6% 




KATECHAKI 43.082 27.580 38.653 36.448 6,0% 
PAPAGOU 4.048 2.458 3.594 3.326 8,1% 
DIMOKRITOS 4.111 2.999 3.793 3.649 3,9% 
AG. PARASKEVI 672 435 605 622 -2,7% 
GLYKA NERA 449 313 411 429 -4,2% 
Total 52.362 99.716 47.056 44.474 5,8% 
To Katechaki 
PALLINI 14.607 11.233 13.643 13.611 0,2% 
D. PLAKENTIAS 2.448 1.167 2.082 1.765 18,0% 
GLYKA NERA 2.087 1.125 1.812 1.577 14,9% 
AG. PARASKEVI 3.499 1.540 2.939 2.438 18,4% 
PAPAGOU 249 94 205 171 19,9% 
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Appendix B. Statistical data of traffic in Attiki Odos from November 2008 to October 2009 
Month Nov Dec Jan Feb March Apr May June 
Year 2008 2008 2009 2009 2009 2009 2009 2009 
TRAFFIC DATA         
Increase in 
comparison with the 
same month of past 
year 
6.7% 4.8% 5.6% 1.9% 1.1% 5.0% 1.1% 6% 
Mean daily traffic 307089 299283 287361 306732 300638 314822 332976 344061 
Mean daily traffic 
(Last 12 months) 300205 299984 301053 300890 301055 302519 303967 304298 
Peak of day 371651 383854 356478 370697 364286 392136 393168 397269 
Hours with speed 
<80Km/h 113 133 77 86 75 100 103 117 
Heavy vehicles 
Categories 5,6 5.12% 4.75% 4.44% 4.77% 4.64% 4.39% 4.41% 4.43% 
Motorcycles Category 
1  2.82% 2.09% 1.9% 2.08% 2.34% 3.21% 3.31% 3.83% 
Light vehicle 
Categories 2,3,4 92.06% 93.16% 93.66% 93.16% 93.02% 92.4% 92.28% 91.73% 
Month July Aug Sept Oct 
Year 2009 2009 2009 2009 
TRAFFIC DATA                          
Increase in 
comparison with the 
same month of past 
year 
2.8% 3.44% 1.5% 4% 
Mean daily traffic 336503 236857 323552 310580 
Mean daily traffic 
(Last 12 months) 305567 306337 306978 339447 
Peak of day 394605 333747 376698 379274 
Hours with speed 
<80Km/h 111 6 109 120 
Heavy vehicles 
Categories 5,6 4.49% 4.11% 4.67% 4,46% 
Motorcycles Category 
1  3.85% 3.31% 3.27% 2.97% 
Light vehicle 
Categories 2,3,4 91.66% 92.58% 92.21% 92.57% 
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Appendix C. Average working weekday traffic volumes for May 2009 in Attiki Odos traffic grid 
and selected areas (Source: Attiki Odos) 
 
